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Health status of Persian Gulf War veterans:
self-reported symptoms, environmental
exposures and the effect of stress
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Most US troops returned home from the Persian Gulf War (PGW) by Spring 1991
and many began reporting increased health symptoms and medical problems
soon after. This investigation examines the relationships between several Gulf-
service environmental exposures and health symptom reporting, and the role of
traumatic psychological stress on the exposure-health symptom relationships.

Stratified, random samples of two cohorts of PGW veterans, from the New England
area (n = 220) and from the New Orleans area (n = 71), were selected from larger
cohorts being followed longitudinally since arrival home from the Gulf. A group
of PGW-era veterans deployed to Germany (n = 50) served as a comparison
group. The study protocol included questionnaires, a neuropsychological test
battery, an environmental interview, and psychological diagnostic interviews.
This report focuses on self-reported health symptoms and exposures of par-
ticipants who completed a 52-item health symptom checklist and a checklist of
environmental exposures.

The prevalence of reported symptoms was greater in both Persian Gulf-deployed
cohorts compared to the Germany cohort. Analyses of the body-system symptom
scores (BSS), weighted to account for sampling design, and adjusted by age, sex,
and education, indicated that Persian Gulf-deployed veterans were more likely to
report neurological, pulmonary, gastrointestinal, cardiac, dermatological, musculo-
skeletal, psychological and neuropsychological system symptoms than Germany
veterans. Using a priori hypotheses about the toxicant effects of exposure to specific
toxicants, the relationships between self-reported exposures and body-system
symptom groupings were examined through multiple regression analyses, con-
trolling for war-zone exposure and post-traumatic stress disorder (PTSD). Self-
reported exposures to pesticides, debris from Scuds, chemical and biological warfare
(CBW) agents, and smoke from tent heaters each were significantly related to
increased reporting of specific predicted BSS groupings.

Veterans deployed to the Persian Gulf have higher self-reported prevalence of
health symptoms compared to PGW veterans who were deployed only as far as
Germany. Several Gulf-service environmental exposures are associated with
increased health symptom reporting involving predicted body-systems, after
adjusting for war-zone stressor exposures and PTSD.
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Most US troops returned home from the Persian Gulf War
(PGW) by Spring 1991 and many began reporting increased
health symptoms and medical problems soon after.'2 Several
explanations have been proposed for the adverse health
changes. Two of the most prominent are exposure to environ-
mental hazards while in the Gulf and psychological stress. This
investigation examines the relationships between several spe-
cific Guli-service environmental exposures and health symptom
reporting, and the role of traumatic psychological stress on the
exposure-health outcome relationships. The study approach was
not designed to address whether a distinct Gulf War Syndrome
exists or can be defined.

Commonly reported physical symptoms by PGW veterans
include fatigue, joint pain, headaches, rash and dermatitis, and
memory loss.3~® Gulf-service environmental exposures capable
of producing these reported symptoms include exposure to the
neurotoxicants pyridostigmine bromide (anti-nerve gas pills);7'8
nerve agen159 such as sarin; pesticides10 and insect repellents;
and exposure to products of combustion found in smoke from
oil well fires, smoke from tent heaters, and smoke from burning
human wastes.}213 The possibility that Iragis may have
deployed chemical warfare agents in the Scud missile attacks
exists. Military personnel may also have been exposed to sarin
(and other nerve agents) during allied destruction of Iraqi
chemical warfare supplies.l4

In addition, several investigations have demonstrated that
severe stress can affect physical well-being in veterans.}>717 It
has been suggested that the ‘stress’ of exposure to traumatic, war-
time events contributes to PGW veterans’ health symptoms.w'19

Comparisons of the problems of PGW returnees and those of
their counterparts in the Vietnam War are inevitable.!® In many
respects, study of the effects of exposures in the Persian Gulf
contflict is even more difficult than for the Vietnam War, as few
accessible and useful records exist concerning the many possible
exposures, there is currently no known biomarker of exposure
comparable to serum dioxin levels for Agent Orange exposure,
units travelled rapidly and widely over terrain that varied
little, and the haste with which the mobilization and response
occurred did not allow maintenance of careful records on the
location of personnel.

As with Vietnam veterans, systematic study of PGW veterans
did not begin in most cases until some time after complaints
became evident. One of the few exceptions to this is a study
begun of a representative group of veterans within days of their
return to Fort Devens in Massachusetts. This report describes
the first results from studies designed to evaluate veterans from
this group and a similar group in Louisiana followed from a few
months of their return (the New Orleans cohort). We use as a
comparison group a unit deployed only as far as Germany at the
time of the Gulf War. The study is important as it represents
one of the first to examine a sample of PGW veterans followed
longitudinally since their return from the Gulf. The combined
Devens and New Orleans study samples include people repres-
enting all military branches (although with a higher proportion
of Army troops); all duty services (National Guard, Reserve, and
Active duty); and different unit types (e.g. transportation, med-
ical, engineering, military police) and members with varying
occupation codes.

Since longitudinal data are available, some characteristics
of subjects who were willing to participate (participation bias)
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can be examined. The use of a unit activated and deployed to
a foreign location other than the Gulf during the time of the
PGW as a comparison group rather than a non-deployed group
reduces the potential bias of reasons for non-deployment
present in other studies. The Germany group also experienced
some of the same stress of deployment as the Gulf-deployed
group, such as leaving one’s job and family for an indeterminate
length of time and being sent overseas.

As with other studies of PGW veterans, this paper examines
self-reported exposures and symptoms. The current state-of-
the-art in studies of PGW veterans’ health issues does not yet
allow the objective measurement of environmental exposures
or of specific signs of the underlying illness. However, it is still
possible to narrow the range of possible explanations for self-
reported adverse health effects in important ways using the data
as they now exist. This is especially important given the urgency
of the problem and the large number of possible directions for
future research. This paper examines the extent to which
the reported symptoms ‘make sense’ in terms of the expected
toxicant effects of reported exposures and whether the stress of
mobilization and the war-related experiences is a sufficient
explanation for the elevated symptom prevalence of PGW-
deployed veterans.

Based on prior research,”’"!3 the following hypothesized
relationships of Gulf-specific toxicant exposures were explored:
(1) self-reported exposure to anti-nerve gas pills and gastro-
intestinal, musculoskeletal, neurological, neuropsychological,
and/or psychological symptoms; (2) self-reported exposures to
pesticides and dermatological, gastrointestinal, musculoskeletal
neuropsychological, neurological, and/or psychological symp-
toms; (3) self-reported exposure to debris from Scuds, and
chemical and biological warfare (CBW) agents and dermato-
logical, musculoskeletal, neurological, neuropsychological,
and/or psychological symptoms; (4) self-reported exposure to
oil fire smoke, vehicle exhaust, smoke from tent heaters, and
smoke from burning human waste and cardiac, neurological,
and/or pulmonary symptoms.

To date, no epidemiological studies have examined the health
status of PGW veterans for specific environmental exposure-
health outcome relationships, controlling for the effects of
traumatic stress, although stress is widely discussed as the
explanation for the reported symptor11s.18'19 Several questions
are addressed: Do Gulf-deployed veterans report higher rates of
health symptoms compared to Germany-deployed veterans?
Are relationships observed between reported exposure to Gulf-
specific environmental exposures and health symptoms as
predicted by a priori hypotheses? What effect does traumatic
stress (specifically post-traumatic stress disorder, [PTSD]) have
on the observed exposure-health symptom relationships?

Methods
Study population

Three cohorts were studied, two of veterans deployed to the
Gulf and one of veterans deployed only as far as Germany.
The Guli-deployed veterans of study were selected from larger
cohorts via a stratified, random sampling strategy designed to
produce an equal representation of higher and lower symptom
reporters and to oversample for women. The Germany-
deployed cohort was represented by a sample of a National
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Guard unit from Maine. An evaluation of possible biases re-
garding the people who participated in the study is given in
Results.

Devens cohort

The larger Devens cohort includes 2949 US Army Active,
Reserve, and National Guard veterans followed since their
return to the US immediately after the war. An initial survey
(Spring 1991) was conducted at Ft Devens, MA, within 5 days
of return, before soldiers rejoined their families, and assessed
psychological well-being, demographics, and self-reported com-
bat exposure.zo'21 The cohort is largely male (92%), Caucasian
(83%), and from the National Guard component (52%). Thus,
in some respects, it differs from the troop duty status and ethnic
breakdown of the total US Gulf force, which was 17% Reserve
and Guard troops, and 68% Caucasian.?? In Winter 1992/Spring
1993, 2313 of these veterans (78% response rate) completed a
follow-up survey designed to assess longer-term self-reported
physical and psychological well being.2> Comparison of respond-
ents and non-respondents for this second survey showed a
significantly higher percentage of non-respondents were on
active duty (53% versus 21%, P < 0.001) and of African-
American background (17% versus 6%, P < 0.001), but they
did not differ in sex or education level.

For this study (Spring 1994-Fall 1996) we selected a strati-
fied, random sample of 353 respondents who completed the
Health Symptom Checklist (HSC)?4 from the 1992/1993 survey.
Of these, 220 (85% of those who could be located and con-
tacted; 62% of the total) participated in at least one part of the
study protocol.

New Orleans cohort

The New Orleans cohort consists of 928 Active, Reserve, and
National Guard, US Army, Navy, Marine, and Air Force troops
deployed to the Gulf. It has also been followed since its return
to this country. An initial survey was conducted within 9
months (on average) of their return in 1991.25 Similar to the
Devens cohort, they were largely male (87%), but had a higher
proportion of African-Americans (34%) and included other
branches of the service besides Army personnel. The make-up
of the New Orleans group also differs to some extent from the
overall US PGW troop contingent.

We selected a stratified, random sample of 194 of the initial
respondents who completed the HSC, of which 73 (58% of
those who could be located and contacted; 38% of those
sampled) participated in at least one part of the study protocol
between Summer 1994 and Fall 1995. Budgetary constraints
prevented continued recruitment of study subjects past
September 1995.

Germany-deployed cohort

A unit from an air ambulance company activated and sent
overseas to Germany during the PGW (December 1990-August
1991) was recruited as a comparison group. It consisted of
medics, helicopter pilots, flight crews, mechanics, communica-
tions specialists, and administrative support personnel whose
intended mission was the handling and transport of wounded
US soldiers evacuated from the Gulf. Due to low US casualties,
however, the unit assisted German dvilian evacuation and
transport missions. Fifty subjects (85% of those who could be
located and contacted; 51% of the deployed unit) were tested in
the Spring of 1995.

Sampling procedure

The stratified, random samples from the larger Devens
(n = 2313; 1992/1993) and New Orleans (n = 928; 1991)
cohorts were selected using a scheme designed to give an equal
representation of higher and lower symptom reporters. We also
oversampled for women so that specific gender-related issues
could be addressed.

The stratified sampling for symptom reportin
tion collected from the 20-item HSC, in which each subject was
asked to report the frequency that he/she experienced symp-
toms over the past several weeks. Each response was scaled
from 0 to 3 (0 = none; 1 = a little; 2 = often; 3 = very often). Any
score but zero was considered endorsement of a symptom for
sampling purposes.

For both cohorts, we excluded those in units with less than
10 people and people in Special Forces units, the latter because
they were Active duty troops and likely to be currently de-
ployed to other locations or otherwise difficult to recontact. In
addition, people from the Puerto Rican graves registration unit
in the New Orleans cohort were excluded. After exclusions, the
Devens cohort included 2021 people (1831 men, 190 women)
for whom there were complete HSC data. The New Orleans
cohort included 818 people (719 men and 99 women).

High and low symptom units were established as one set of
strata. This was done primarily because it was anticipated that
any environmental exposure information from the US Army
Center for Health Promotion and Preventative Medicine
(CHPPM) and US Army Center for Research of Unit Records
(RUR) would only be available at the unit level. If >50% of unit
members reported >5 health symptoms, then the unit was
designated a ‘high symptom unit’; if =50% had members with
<5 symptoms, it was designated a ‘low symptom unit’. Five
symptoms was selected as the cutpoint because it corresponded
to approximately the median number of symptoms reported by
both cohorts on the HSC (51% of the Devens cohort and 45%
of the New Orleans cohort reported >5 symptoms). Another set
of strata consisted of high and low symptom individuals (again
using five symptoms as the cutpoint). The two stratifications
together produced separate 2 x 2 tables (high/low units by
high/low individuals) for both cohorts. Further stratification by
gender was done (yielding eight cells). Approximately equal
numbers of subjects were randomly selected from each to form
the Devens and New Orleans target groups for this study.

The sampling lists were kept separate from the study data
files. For recruitment, tracking, and testing, only the'list of sub- ‘
ject identification numbers was distributed. Thus, everyone on
both the Boston-based and New Orleans-based research teams
was blind to ‘high/low’ status during all phases of recruitment,
testing, and interviewing. Only after data were entered into the
computer was group status revealed.
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Study protocol and measures

The complete study protocol included medical and occupational
history questionnaires; several psychometric scales to assess
psychological symptomatology (e.g. Brief Symptom Interview
(BSI),26 an environmental interview; a neuropsychological test
battery; and psychological diagnostic interviews (including the
Clinician Administered Scale for PTSD (CAPS).2” The Institutional
Review Board approved the protocol, and informed consent
was obtained from the 343 subjects who participated (Devens
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n = 220: New Orleans n = 73; Germany n = 50). A total of 300
subjects from the three study groups completed the question-
naires (Devens n = 186; New Orleans n = 66; Germany n = 48);
332 subjects (Devens n = 213; New Orleans n = 71; Germany
n = 48) completed the environmental interview; and 254 subjects
(Devens n = 148; New Orleans n = 58; Germany n = 48) subjects
completed the in-person neuropsychological testing and
psychiatric diagnostic interviews.

This report focuses on self-reported health symptoms and ex-
posures reported by the participants who completed the 52-item
Expanded Health Symptom Checklist and the environmental
exposure section of the questionnaire.

Expanded Health Symptom Checklist

On the questionnaire each subject was asked to report the fre-
quency that he/she experienced a specified set of health symp-
toms over the prior 30 days. Each health symptom response
from a 52-item Expanded Health Symptom Checklist (HSC)
was scaled from 0 to 4 (0 = no symptom; 1 = rarely, 1-2 times
in all; 2 = some, 1-2 times/week; 3 = often, several times/week;
4 = very often, almost every day). Reporting the symptom
at least once a week (score of 2, 3, or 4) was considered
endorsement of a symptom.

Each of the 52 symptoms was assigned to one of nine differ-
ent body systems by four independent judges, and agreement
by at least three of four judges was required to classify a
symptom. The judges were an occupational heaith physician, an
environmental health spedalist, an environmental epidemio-
logist, and a neuropsychologist. The nine body systems were
cardiac; dermatological; gastrointestinal; genitourinary; musculo-
skeletal; neurological; neuropsychological; psychological; and
pulmonary (c.f. Table 2 for symptoms assigned to each). In cases
where more than three symptoms were dlassified in a specific
body system, the three most representative symptoms were
chosen by consensus of the judges. Body-system symptom
(BSS) scores were the sum of the ordinal symptom frequency
scale (0—4) for symptoms in each system.

" Environmental exposures
Gulf-deployed subjects were asked to record on the question-
naire whether they were exposed to several Gulf-specific
exposures, including anti-nerve gas pills, pesticides, debris from
Scuds, smoke from burning oil wells, vehicle exhaust, smoke
<~ from tent heaters, and smoke from burning human waste.
Each exposure response was scaled 0 to 2 (0 = no exposure; 1 =
exposed; 2 = exposed and felt sick at the time). In addition, we
examined item #17 from the Expanded Combat Exposure Scale
(see below) which asked the frequency of exposure to poison
£. . gasor germ warfare (0 = none, 1 = once, 2 = =2 times), referred
£.. 10 as ‘CBW agents’ in the analyses. We evaluated a binary yes/
. no response (0 =no, 1 or 2 recoded to 1 = yes) for each of these
eight exposure variables.

el e

Post-traumatic stress disorder and war-zone exposure
A dlinical diagnosis of PTSD (dichotomous outcome) was deter-
- mined using the CAPS for 75% of the subjects; continuous scores
g% which measured PTSD symptomatology from the Mississippi
£ 2 Scale for Desert Storm War Zone Personnel (adapted from Keane
¥T et al 28) were determined for 99% of the study subjects. Subjects
g2 were categorized as having PTSD (1) if diagnosed with current
3 PTSD on the CAPS, or (2) if the Mississippi PTSD score was
. >89 in subjects for those who did not complete the CAPS. This
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cutoff has previously been used to screen for wartime PTSD in
community-based Vietnam-era veterans.!® Data from subjects
who had both CAPS and Mississippi measures showed that
using a cutoff of 89 resulted in 73% sensitivity and 87% spe-
cificity in this population.

The Expanded Combat Exposure Scale (CES) is a 34-item
scale designed to assess the presence and frequency of a range
of prominent war-zone stressors, and a priori scoring protocols
yield two summary scores: the traditional scale (Laufer) score
29 (score range: 0-14), and the Expanded scale score 30 (score
range: 0-32). The latter score includes, in addition to traditional
combat experiences, exposures to specific events encountered
during PGW service (e.g. lack of communication among units,
exposure to poison gas or germ warfare, placement on formal
alert for chemical or biological warfare attack). In our data,
the Expanded CES score was found to relate more strongly to
increased symptom reporting; thus, that summary score was
used in the analyses.

Analyses

Descriptive characteristics between the study groups were
compared (unweighted analyses). Prevalence rates of individual
symptoms were compared among the Devens, New Orleans,
and Germany cohorts. Since women were oversampled and
Gulf-deployed subjects reporting higher numbers of symptoms
on the earlier surveys were more likely to participate, weighted
analyses were performed using the SUDAAN statistical analysis
package31 to account for the sampling design and increased
participation by subjects who report more symptoms on earlier
survey. To ensure that differences between cohorts are not due
to demographic differences, adjusted symptom prevalence
rates are presented for each cohort, controlling for age, sex, and
education through logistic regression. Odds ratios (OR) and
959% confidence intervals (CI) were computed from the logistic
regression models.

The three study groups were also compared across individual
BSS scores. Because the distributions of the scores were skewed
(with a large proportion of subjects with scores near zero and a
smaller proportion of subjects with very high scores), scores
were log transformed for analysis. Mean BSS scores were
compared across the three study groups through analysis of
covariance (controlling for age, sex, and education level)
using SUDAAN to account for sampling factors and participa-
tion bias.

The Devens and New Orleans cohorts were combined to
explore associations between various self-reported Gulf War
exposures and the log transformed BSS scores. A series of mul-
tiple regression analyses were run to explore the relationships
between self-reported exposures and body-system sympto-
matology, controlling for age, sex, education, study site (Devens
or New Orleans), PTSD status, and the Expanded CES score.
First, a series of regressions individually examined each of the
hypothesized exposure-symptom group relationships. Second,
all exposures significantly related to a BSS score in the prior
regression analyses were included in a regression model for
each BSS score to account for correlation between exposures
and thus ascertain if key exposures could be identified. To
additionally examine the effect of traumatic stress on the hypo-
thesized exposure-effect relationships, these two types of regres-
sion analyses were also performed excluding subjects with
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PTSD. To explore the effect of depressive symptomatology, the
first series of regression analyses were rerun adding the BSI
subscale score for depression to the models. As the regression
analyses were not focused on estimating overall prevalence
rates, and sex was included as a covariate, they were performed
using the SPSS statistical system>? and thus, were not weighted
for sampling factors. Results from the regression analyses are
described by presenting the standardized regression coefficients
(B) for the exposure of interest, for an easier comparison between
exposure effects.

Results

Participation

The Devens cohort has been under study since 1991, and thus
allows some assessment of possible bias concerning participa-
tion in the study. The 186 Devens subjects who completed
the questionnaires differed from the 353 target subjects in the
sample frame in that they were more likely to be female, white,
older, better educated, and to have reported >5 symptoms on
the 1992/1993 survey than we would expect from the stratified
random sampling. They did not differ in employment status,
marital status, alcohol or drug use, or military service status
(as assessed at the 1992/1993 survey). Similarly, the New
Orleans cohort participants were more likely to be female and
to have reported >5 symptoms on the initial survey. Thus,
weighting for the oversampling of females and participation bias
was taken into account in the analyses comparing symptom
rates across study groups.

Symptom change over time

Because the 20 health symptoms in the Health Symptom
Checklist, administered to the Devens cohort in 1992/1993 and
at the initial survey of the New Orleans cohort, were a subset of
the 52-item Expanded HSC administered in this study, a com-
parison across the two survey points was done to see if there
was a significant increase in health symptom reporting over
time. No significant increase over the 2—4 year time period was
noted for either the Devens or New Orleans groups. The mean
number of symptoms reported by the 186 Devens subjects
was 7.3 (SD = 4.9), whereas the mean number reported by
these same individuals in 1992/1993 was 7.1 (SD = 4.9; Stu-
dent’s t-statistic for paired samples = 0.35, P = 0.72, correlation
coefficient = 0.57). For the 66 New Orleans subjects, the mean
number of symptoms in the current study was 6.7 (SD = 5.0),
whereas the mean reported by these same individuals at the
earlier time point was 7.1 (SD = 5.0; Student’s t-statistic for
paired samples = -0.58, P = 0.57, correlation coefficient = 0.39).
Few significant differences were noted (McNemar's test) when
endorsement of the individual symptoms was compared
between the two time points.

Demographic comparison of the groups

Crude (unweighted) comparisons of the Devens and New Orleans
groups revealed no significant differences in age, education
level, sex, employment, prior Vietnam service, marital status, or
Expanded CES score (Table 1) in the current study. There were
differences in race, current duty status, smoking status, and
level of PTSD symptomatology. Compared to the Gulf-deployed
groups, the Germany-deployed group was older and had a larger

proportion of males, and by its nature, consisted mostly of
National Guard members.

On weighted analyses (accounting for the oversampling of
females and participation bias), the three study groups were
compared for certain demographic characteristics and observed
to differ significantly on sex and age, but not education level.
The New Orleans group had a significantly higher percentage of
females (21%) than the Devens (10%) or Germany (14%)
groups. The Germany group had a significantly higher mean age
(41.0 years) than the Devens (36.2 years) or New Orleans (35.4
years) groups.

Post-traumatic stress disorder rates

Approximately 5% (8/148) of the Devens group, 7% (4/58) of
the New Orleans group, and none of the Germany group were
diagnosed with current PTSD on the CAPS. The rates of PTSD
(including those subjects who did not complete the CAPS but
had a Mississippi score >89) in the Gulf-deployed groups aver-
aged 8.0% (8.1% for Devens; 7.6% for New Orleans). Those
subjects with PTSD had significantly higher Expanded CES
scores (11.1 versus 6.3 for subjects without PTSD, P = 0.001).

Comparison of health status

Both the Devens and New Orleans groups reported significantly
poorer ratings of health and functional status (on the MOS
Short Form-3633) than the Germany group.

A comparison of the three study groups (after adjusting for
the oversampling of females, participation bias, and age, ‘sex,
and education differences) on the prevalence rates for the 24
individual symptoms which make up the BSS scores is pre-
sented in Table 2. Overall, both Gulf-deployed groups reported
higher individual symptom prevalences compared to the
Germany-deployed group on all but one of the 52 symptoms
(‘excessive sweating’, where the Germany-deployed group re-
ported a higher rate than the New Orleans group). The Devens
group reported significantly higher symptom rates than the
Germany group for 35 of 52 symptoms; the New Orleans group
reported significantly higher symptom prevalence than the
Germany-deployed group for 24 of 52 symptoms. Differences
between symptom prevalences in the Devens and New Orleans
groups were significant for only two of 52 symptoms (‘excessive
sweating’, ‘hallucinations’). The three most prevalent symp-
toms endorsed by the Devens and the New Orleans groups were
forgetfulness’, ‘fatigue or easily tired’, and ‘restless or unsatisfy-
ing sleep’. The three most prevalent symptoms endorsed by the
Germany-deployed group were ‘awaken earlier than desired’,
‘forgetfulness’, and ‘backaches’.

Mean BSS scores were higher for both Gulf-deployed groups
than the Germany-deployed group, with the Devens group
reporting significantly higher scores (more frequent symptoms)
for eight of the nine system scores (with genitourinary system
symptoms being the exception) and the New Orleans group
reporting significantly higher scores for six of the nine systems
(with genitourinary, pulmonary, and cardiac system symptoms
being the exceptions). There were no significant differences in
mean BSS scores between the Devens and New Orleans groups.

When those people with PTSD were removed from the ana-
lyses, the Persian Gulf-deployed groups still report significantly
higher individual symptom prevalences and BSS scores
compared to the Germany group.
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Table 1 Descriptive characteristics and comparisons (unweighted) between study groups

Gulf-deployed Germany a
Devens (D)  New Orleans (NO) deployed (G) Comparison of groups
(n = 186) (n = 66) (n=48) (@:G)  (MOG) (DNO)

34.7 (9.3)

% worse or somewhat worse

41.0 (9.0)

2 grudent's t-test was used for comparisons of differences in mean scores for continuous variables.

b Sp = standard deviation.

%2 statistic was used for comparison of differences in proportions for categorical variables.

ns = not significant, P > 0.10.

Environmental exposures and symptoms

All of the Gulf-deployed subjects in this study were deployed to

the Iraq, Saudi Arabia, and/or Kuwait areas of the Southwest

Asia theatre of operations. The majority of the Devens and New
i Orleans subjects reported exposure to a number of the potential
-, environmental risks (Table 3). For the eight exposures, six sub-
jects failed to report at least one of these exposures, and 59% of
the subjects reported five or more exposures.

The first set of multiple regression analyses of the associations
between the individual environmental exposures and BSS scores
(with age, sex, education, study site, Expanded CES score and
PTSD status as covariates) produced significant relationships for
each exposure and scores of the predicted BSS groupings
" (Table 4), with the exception of exposure to smoke from oil fires
and exposure to anti-nerve gas pills, neither of which was sig-
nificantly related to the predicted body system symptoms. Self-
; Teported exposure to pesticides, debris from Scuds, CBW agents,

and smoke from tent heaters were each consistently related

to hypothesized BSS scores, with standardized regression
coefficients (B = 0.15-0.28).

Among the covariates, PTSD status was significantly related
to all BSS scores (P < 0.05), with standardized regression
coefficients ranging from 0.16 (for musculoskeletal symptoms)
to 0.28 (for neuropsychological- symptoms). Cardiac, gastro-
intestinal, and neurological symptom scores were higher for
females; those with lower education had higher neuropsycho-
logical and pulmonary scores. War-zone exposure (Expanded CES
score) was only significantly related to higher dermatological
scores. Study site was not related to any of the BSS scores in
these models. ‘

A second set of multiple regression analyses (with all
covariates) was performed with all the significant exposures as
identified in Table 4 entered as independent variables in order
to examine whether key exposures could be identified for each
of the BSS scores. The cardiac symptom score was associated
with exposure to smoke from tent heaters (B = 0.20, P= 0.011),
while exposure to vehicle exhaust or smoke from burning
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Table 2 Prevalence rates (%) of health symptoms?®

Gulf-deployed

Germany

Devens
(n = 186)

0dds ratios?
(Devens, New Orleans)

deployed
(n = 48)

New Orleans
(n = 66)

Cardiac

Irregular heart beats or ‘heart flutters’

Rapid breathing

2 The estimated prevalence rates represent the expected symptom rates in the larger 1992/1993 cohort from Devens, the initial cohort from New Orleans, and

the overall Germany-deployed unit from Maine.

b Al} comparisons are weighted for sampling design, participation bias, and adjusted for age, sex and education using SUDAAN.

€ 959% confidence interval excludes 1.0.

_ Odds ratios cannot be calculated because the rate in the reference group (Germany) is 0 (or it is not meaningful as the rate is <0.5).

Table 3 Frequency (% yes) of self-reported environmental exposures
in the Persian Gulf-deployed groups

Exposure variable Devens New Orleans

Anti-nerve gas pills

Smoke from tent heaters

Smoke from burning human waste

human waste was no longer significant. For the musculoskeletal
score, exposure to CBW agents (B = 0.18, P = 0.015) and expos-
ure to pesticides (B = 0.19, P = 0.011) remained significant
while exposure to debris from Scuds was no longer significant.
For the neurological, neuropsychological, and psychological
scores, both debris from Scuds (B = 0.18-0.19) and CBW agents
(B = 0.15-0.19) remained significant. For the pulmonary score,
smoke from tent heaters remained significant (B = 0.21, P =
0.007).

When people who met the criteria for PTSD were removed
from the analyses (resulting in lower sample size) most of the
associations between individual exposures and BSS scores,




as described above, were essentially unchanged: self-reported
exposure to smoke from tent heaters remained significantly
related to cardiac, neurological, and pulmonary scores (B = 0.27,
0.21, 0.24, respectively); vehicle exhaust was significantly related
to cardiac and neurological scores (B = 0.14 and 0.17, respect-
ively); smoke from burning human waste was significantly
related to cardiac and pulmonary scores (B = 0.22 and 0.16,
respectively); debris from Scuds was significantly related to
musculoskeletal, neurological, neuropsychological, and psycho-
logical scores (B ranging from 0.19 to 0.25); exposure to CBW
agents remained significantly related to musculoskeletal, neuro-
psychological, and psychological scores (B =0.18, 0.18, and 0.21
respectively); and pesticide exposure was significantly related to
musculoskeletal and neurological scores (B = 0.25 and 0.15,
respectively). Analyses to identify key exposures resulted in the
same findings as in the prior analyses with PTSD subjects
included, except that exposure to CBW agents were only of
borderline significance for neurological (= 0.13, P = 0.089)
and musculoskeletal (B = 0.13, P = 0.093) scores.

The overall significance patterns between exposures and
hypothesized BSS scores (Table 4) did not change when the BSI
subscale score for depression was added to the regression models:
self-reported exposure to pesticides, debris from Scuds, CBW
agents, and smoke from tent heaters remained significantly
associated (P < 0.05) with the BSS scores. The exceptions were
that exposure to CBW agents was no longer significantly related
to neurological and neuropsychological body system scores
(P > 0.05). Self-reported exposure to debris from Scuds and
vehicle exhaust were each then marginally associated (P = 0.06)
with musculoskeletal and neurological body system scores,
respectively. When the depressive symptomatology indicator
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score was added to the models exploring the effect of exposure
to anti-nerve gas pills, the relationships between this exposure
and the musculoskeletal (B = 0.16) and neuropsychological
(B = 0.13) scores were significant.

Discussion

The subject groups evaluat
larger cohorts being followed longitudinally, and a unique
comparison group (people deployed to a foreign location other
than the Gulf during the time of the PGW) has been included.
Although the study sample has a higher proportion of Army
Reserve and National Guard troops compared to that of the total
US Gulf force, this study permits evaluation of health symptoms
over a more representative sample of PGW veterans with respect
to military branch, unit status, and occupational status within
unit than other recent studies>>>4-36 of specific units and self-
selected volunteer participants. Results from the Iowa study>’
suggest that there may be some differences in the level of
certain symptoms reported by Reserve and Guard members
compared to Active duty troops deployed to the Gulf. However,
to date, no studies have systematically examined possible
patterns to or sources of these differences. Gulf Reserve and
Guard troops may have had some specific environmental expos-
ures that were different from the Active duty forces. Also, Reserve
and Guard troops were older and probably had different
preparation for combat-related activities.

Examination of individual environmental exposures and
their relationships to specific body system symptom groupings
reveals that several self-reported Gulf exposures are associated
with increased reporting of outcomes predicted prior to

ed in this study were selected from

Table 4 Standardized regression coefficients (and P-values) describing the relationship between exposures and body system symptom scores?

Body system symptom groups

Gastro-  Musculo- Neuro-

Exposures Cardiac Dermatological intestinal skeletal Neurological psychological Psychological Pulmonary
Anti-nerve gas pills 0.04 0.13 0.06 0.10 0.03
e e DS @) @s) o ms) @)
Pesticides® 0.03 0.12 0.25 0.18 0.12 0.11
e e e (s) ms)  ©O001) . 0.007) o O8) (os) .
Debris from Scuds 0.01 0.17 0.26 0.21 0.22
......................................................... @) o (0017) (000 Q001 .. 0.00])
CBW agents® 0.09 0.24 0.18 0.18 0.23
.............................................................................................. @s) .eooy o) 0009 oo
Smoke—oil fires 0.0 0.11 0.10
................................................................. O8] e ) e, CTIS).
Vehicle exhaust 0.15 0.15 0.12
e (O026) O028) (ns)
Smoke—tent heaters 0.28 0.22 0.25
........................................................ (S0.001) e QOO0 (<0001
Smoke—burning human waste 0.23 0.12 0.17

(0.001) (ns) (0.015)

? From multiple regression model with log body system symptom scores as dependent variables; age, education, gender, study site, PTSD status, and war-zone
N (Expanded CES score) exposure as covariates; individual hypothesized exposures as independent variables.
Both pesticides and CBW agents had a higher number of unknown or non-responses. For these two variables, the unknown group was coded as an exposure
category in the analyses; effects reported are for the differences between those who responded as having been ‘exposed’ and those who responded

‘unexposed’.
(ns) = not significant, P > 0.05.
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analyses. Analyses to identify key exposures found self-reported
exposure to smoke from tent heaters was significantly asso-
ciated with both cardiac and pulmonary scores; self-reported
exposure to pesticides and CBW agents were significantly asso-
ciated with musculoskeletal scores; and self-reported exposures
to debris from Scuds and CBW agents were significantly asso-
ciated with neurological, neuropsychological, and psychological
scores. No significant associations of exposures with hypo-
thesized gastrointestinal or dermatological symptom scores were
observed.

These results were obtained after controlling for the impact of
war-zone stressors and PTSD status, as well as the effects of age,
sex, education, and study site, thus suggesting that traumatic
stress is not the sole explanation for increased health symptom
reporting in Gulf War veterans. As an additional check,
environmental exposures were assocated with increased health
symptom reporting when subjects with PTSD were excluded
from the analyses.

Interpreting the role of traumatic stress in studies of veterans’
health is complicated by the fact that stress as a variable is
measured both as exposure to a stressor event and also in terms
of how specific events affect the subject through physiological
symptomatology (an outcome). Thus, stress operates as a poten-
tial confounder in any assessment of the relationship between
wartime environmental exposures and health effects. Some
have been critical of published reports of PTSD in PGW veterans
that rely on the Mississippi PTSD scale score as an indicator, 38
as this score may not by itself specifically measure PTSD but
include comorbid symptomatology (e.g. depression, anxiety,
cognitive difficulties). By including both PTSD status (primarily
assessed with clinical diagnostic methods) and war-zone expos-
ure score in the regression models in this paper, the analytical
design may have overcontrolled for the potential effect of trau-
matic stress on the exposure-health relationships under study.
Thus, the results described represent a conservative interpreta-
tion of the data.

The primary focus of this paper is the effect of self-reported
Gulf-service exposures on health symptomatology, controlling
for traumatic stress as a possible explanation. Besides traumatic
stress, the role of clinical depression and depressive sympto-
matology or adjustment difficulties may result in reports of
poorer health status. However, the converse is also true; poorer
health status may result in increased depressive symptomatology.
In addition, certain neurotoxicant exposures may produce
depressive symptomatology.39 It is difficult to tease out these
cause and effect relationships in an observational study. In
the primary analyses, depressive symptomatology was not
included as a covariate due to the concern that because it may
be the result (outcome) of neurotoxicant exposure, we would
be overcontrolling for the effect of exposures on those types
of health symptom complaints. However, when the regression
analyses were re-run adding the BSI subscale score for
depression (an indicator score of depressive symptomatology) to
the models, the overall significance patterns between exposures
and body system scores (BSS) depicted in Table 4 did not
change: self-reported exposure to pesticides, debris from Scuds,
CBW agents, and smoke from tent heaters remained signifi-
cantly associated with the BSS scores. Only prospective studies
can begin to adequately address the intricate causal relation-
ships between toxicant exposures, health, and stress. Further

analyses of the longitidinal data available for these study
subjects to address the development of physical and psycho-
logical symptoms is planned.

In addition to the difficulty in intepretation of the causal
relationships between exposure, health symptomatology, and
stress within a cross-sectional study design, it is well recognized
that there is high comorbidity between PTSD and clinical de-
pression and depressive symptomatology.40'4l In these cohorts,
clinical diagnoses of PTSD and Major Depression are signifi-
cantly correlated (correlation coefficient r = 0.35, P < 0.001), as
are PTSD and general psychopathological symptomatology
(r = 0.39, P < 0.001). The role of lower magnitude, non-
traumatic stress on PGW veterans’ health symptom reporting
and the role of psychiatric comorbidity (e.g. clinical depression)
are being examined in further studies.

The results confirm earlier studies®>>:3742 that have shown
that health symptoms are endorsed at higher rates in Persian
Gulf-deployed groups than in non-Gulf-deployed groups. It
is interesting that the most prevalent symptoms are the same
in the Gulf- and Germany-deployed groups, with the Gulf-
deployed veterans simply reporting higher prevalence rates
than the Germany-deployed veterans. Further evaluation of
symptom patterns, self-reported and surrogate measures of
Gulf-related exposures, and objective clinical test findings in
representative PGW veteran cohorts are needed to determine if
there is a specific ‘Gulf War Syndrome’. The possibility remains
open that veterans do not suffer from one syndrome but rather
experience a variety of specific symptoms related to specific
exposures. The findings suggest that health issues concerning
PGW veterans encompass effects of multiple environmental
exposures resulting in health outcomes in different body sys-
tems. Additive and synergistic effects among different environ-
mental exposures and interactions between environmental
exposures and stress or other influences are probable and
deserve further study.

This paper describes results obtained from information
collected through self-report methods. As such, a possible
explanation could be attribution, that is, people who feel they
are sick are more likely to report environmental exposures.
Although this explanation cannot be ruled out completely, it is
important to note that associations predicted by a priori
hypotheses about known toxicant effects were observed. In the
future, our plan is to investigate exposure-health outcome
relationships with non-subjective outcome data (neuropsycho-
logical test performance, pulmonary function, brain imaging)
and other types of exposure data (e.g. air modelling of expos-
ures, individual troop location information) for the same study
subjects. At this juncture it is not clear that any of these
alternatives are superior to self-report.

Acknowledgements

The Boston Environmental Hazards Center is supported by
funding from the Department of Veterans Affairs (DVA) Office
of Research and Development. Initial funding was provided
by the DVA Mental Health Strategic Healthcare Group to the
National Center for PTSD (Boston) and to the Psychology
Service, New Orleans VA Medical Center (New Orleans). The
authors would like to thank Timothy Gerrity, PhD who has
reviewed and edited the manuscript; as well as members of the



Wik

3o

B3

Boston Environmental Hazards Center Scientific and Veteran
Advisory Boards who provided comments and input in prelim-
inary discussions and presentations of the study results. In
addition, we acknowledge Chaplain William Mark for his fore-
sight and efforts on behalf of the Ft Devens ODS cohort. We
especially would like to thank all the Persian Gulf War and Gulf
War era veterans who participated in this study.

References

INIH Technology Assessment Workshop Panel. The Persian Gulf
experience and health. JAMA 1994;272:391-96.

2 nstitute of Medicine. Health Consequences of Service During the Persian
Gulf War: Initial Findings and Recommendations for Immediate Action.
Washington, DC: National Academy Press, 1995.

3 DeFraites RE Wanat ER, Norwood AE, Williams S, Cowan D,
Callahan T. Investigation of a Suspected Outbreak of an Unknown Disease
among Veterans of Operation Desert Shield/Storm, 123rd Army Reserve
Command, Fort Benjamin, Harrison, IN. Washington, DC: Walter Reed
Army Institute of Research, 1992.

4persian Gulf Veterans Coordinating Board. Unexplained illnesses
among Desert Storm veterans. Arch Intern Med 1995;155:262-68.

5 MMWR. Unexplained illness among Persian Gulf War veterans in an
Air National Guard unit: Preliminary report—August 1990-March
1995. MMWR 1995;44:443-47 (also appears as Kizer KW, Joseph S,
Moll M, Rankin JT in JAMA 1995;274:16-17).

6 Institute of Medicine. Evaluation of the Department of Defense Persian
Gulf Comprehensive Clinical Evaluation Program. Division of Health
Promotion and Disease Prevention. Washington, DC: National
Academy Press, 1996.

7Keeler JR, Hurst CG, Dunn MA. Pyridostigmine used as a nerve agent
pretreatment under wartime conditions. JAMA 1991;266:693-95.

8 priedman A, Kaufer D, Shemer J, Hendler 1, Soreq H, Tur-Kaspa L
Pyridostigmine brain penetration under stress enhances neuronal
excitability and induces early immediate transcriptional response.
Nature Med 1996;2:1383-85.

9 Gunderson CH, Lehmann CR, Sidell FR, Jabbari B. Nerve agents:
a review. Neurology 1992;42:946-50.

10 Ecobichon DJ. Chapter 22. Toxic effects of pesticides. In: Klaassen CD,
Amdur MO, Doull J (eds). Casarett & Doull’s Toxicology: The Basic Science
of Poisons, 5th edn. New York: McGraw-Hill Health Professions
Division, 1996, pp.643-89.

11 Robbins PJ, Cherniack MG. Review of the biodistribution and toxicity
of the insect repellent N,N-diethyl-m-toluamide (DEET). J Toxicol
Environ Health 1986;18:503-25.

12 shusterman DJ. Clinical smoke inhalation injury: systemic effects.
Occupational Medicine: State of the Art Reviews Philadelphia: Hanley &
Belfus, Inc., 1993;8:469-503.

13 costa DL, Amdur MO. Chapter 28. Air pollution. In: Klaassen CD,
Amdur MO, Doull J (eds). Casarett & Doull’s Toxicology: The Basic Science
of Poisons, 5th edn. New York: McGraw-Hill Health Professions
Division, 1996, pp.857-82.

14.Ioseph, S. Testimony to the Subcommittee on Human Resources and
Intergovernmental Relations, Committee on Government Reform and
Oversight, US House of Representatives, 25 June 1996.

15 Kulka RA, Schlenger WE, Fairbank JA. Trauma and the Vietnam War
Generation. New York: Brunner/Mazel, 1990.

16 wolfe J, Schnurr PP, Brown PJ, Furey J. PTSD and war-zone exposure
as correlates of perceived health in female Vietnam veterans. J Consult
Clin Psychol 1994;162:1235-40.

17 Friedman MJ, Schnurr PP. The relationship between trauma, post-
traumatic stress disorder, and physical health. In: Friedman MJ,

HEALTH STATUS OF GULF WAR VETERANS 1009

Charney DS, Deutch AY (eds). Neurobiological and Clinical Consequences
of Stress: From Normal Adaptation to Post-Traumatic Stress Disorder.
Philadelphia: Lippincott-Raven, 1995, pp.507-24.

18 Hyams KC, Wignall FS, Roswell R. War syndromes and their evalua-
tion: From the US Civil War to the Persian Gulf War. Ann Intern Med
1996,125:398-405.

19 presidential Advisory Committee on Gulf War Veterans’ Illnesses (PAC
Report). Final Report. Washington DC: US Government Printing
Office, February, 1996.

20 wolfe J, Kelley J, Buscela M, Mark W. Ft. Devens Reunion Survey:
Report of Phase I. In: Rosenheck R, Becnel H, Blank A (eds). Returning
Persian Gulf Troops: First Year Findings. New Haven: Department of
Veterans Affairs, 1992, pp.19-44.

21 wolfe J, Brown P, Kelley J. Reassessing war stress: exposure and the
Gulf War. J Soc Issues 1993;49:15-31.

22 Department of Defense. Defense Manpower Data Center. Desert Shield/
Desert Storm Participation Report. Vol. 1 Active; Vol. 2—Reserve. September
1994.

23 wolfe J, Proctor SP, Davis JD, Borgos MS, Friedman MJ. Health
symptoms reported by Persian Gulf War veterans two years after
return. Am J Ind Med 1998:33:104-13.

24 Bartone PT, Ursano RJ, Wright KM, Ingraham LH. The impact of a
military air disaster on the health of assistance workers. J Nerv Ment
Dis 1989;177:317-28.

25 Brailey K, Vasterling JJ, Sutker PB. Psychological aftermath of par-
ticipation in the Persian Gulf War. In: Lundburg A (ed.). The Environ-
ment and Mental Health. Hillsdale, NJ: Erlbaum, in press; pp.83-101.

26 Derogatis LR. The Brief Symptom Inventory: Administration, Scoring, ¢
Procedures Manual. Baltimore: Clinical Psychometric Research, Inc., 1993.

27 Blake D, Weathers F, Nagy L et al. Clinician Administered PTSD Scale.
National Center for PTSD, Behavioral Sciences Division, Boston &
Neurosciences Division, West Haven CT; October 1990.

28 Keane TM, Caddel JM, Taylor KL. Mississippi Scale for combat-related
post-traumatic stress disorder: three studies in reliability and validity.
J Consult Clin Psych 1988;56:85-90.

29 Gallops M, Laufer RS, Yager T. Revised combat exposure scale. In:
Laufer RS, Yager T (eds). Legacies of Vietnam: Comparative Adjustments of
Veterans and Their Peers. Vol. 3. Washington, DC: US Government
Printing Office, 1981, p.125.

30 Rosenheck R, Bechel H, Blank AS et al. War Zone Stress among Returning
Persian Gulf Troops: A Preliminary Report. West Haven, CT: VA New
England Program Evaluation Center, 1991.

31 shah BV, Barnwell BG, Bieler GS. SUDAAN User's Manual: Software for
Analysis of Correlated Data, Release 7.0. Research Triangle Park, NC:
Research Triangle Institute, April 1996.

32 Spss Base 7.0 for Windows User’s Guide. Chicago IL: SPSS Inc., 1996.

33 Ware JE, Snow KK, Kosinski M, Gandek B. SF-36 Health Survey Manual
@ Interpretation Guide. Boston MA: The Health Institute, New England
Medical Center Hospitals Inc., 1993.

34 Haley RW, Kurt TL, Hom J. Is there a Gulf War Syndrome? Searching
for syndromes by factor analysis of symptoms. JAMA 1997;277:
215-22.

35 Haley RW, Hom J, Roland PS et al. Evaluation of neurologic function
in Gulf War veterans: a blinded case-control study. JAMA 1997;277:
223-30.

36 Haley RW, Kurt TL. Self-reported exposure to neurotoxic chemical
combinations in the Gulf War: a cross-sectional epidemiologic study.
JAMA 1997;277:231-37.

37 Jowa Persian Gulf Study Group. Self-reported illness and health status
among Gulf War Veterans: a population-based study. JAMA 1997;
277:238-45.

38Haley R. Is Gulf War Syndrome due to stress? The evidence
rexamined. Am J Epidemiol 1997;146:695~703.



1010 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

39 wWhite RE Proctor SP. Solvents and neurotoxicity. Lancet 1997;349: 41 Breslau N, Davis GC, Peterson EL, Schultz L. Psychiatric sequelae of post-
1239-43. traumatic stress disorder in women. Arch Gen Psychiatry 1997;54:81-87.

40 Keane TM, Wolfe J. Comorbidity in Post-traumatic Stress Disorder: 42 Stretch RH, Bliese PD, Marlowe DH, Wright KM, Knudson KH,
An analysis of community and clinical studies. J App! Soc Psychol 1990; Hoover CH. Post-traumatic stress disorder symptoms among Gulf War
20:1776-88. ) veterans. Milit Med 1996;161:407-41.



